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XVI. New Experiments on the Ocular SpeBra of Light and 
Colours. By Robert Waring Darwin., M. D .; communicated 
by Eralmus Darwin, M. D. F. R. S. 


Read March 23, 1786. 

W HEN any one has long and attentively looked at a 
bright object, as at the letting fun, on doling his eye t s, 
or removing them, an image, which refembles in form the 
objed he was attending to, continues fome time to be yifible : 
this appearance in the eye we lhall call the ocular fpedrum of 
that objed. 

Thefe ocular Ipedra are of four kinds: ill, Such as are 
owing to a lefs fenfibility of a defined part of the retina ; or 
fpeftra from defeft of fenfbility. 2d, Such as are owing to a 
greater fenfibility of a defined part of the retina; or fpeftra 
from excefs of fenfbility. 3d, Such as referable their objed in 
its colour as well as form; which may be termed dir eft ocular 
fpeftra. 4th, Such as are of a colour contrary to that of their 
objed; which may be termed reverfe ocular fpeftra. 

The laws of light have been moll fuccefsfully explained by 
the great Newton, and the perception of vifible objeds has been 
ably invefligated by the ingeniousDr. Berkeley and M.Male- 
branche ; but thefe minute phaenomena of vilion have yet been 
thought reducible to no theory., though many philofophers have 
employed a conliderable degree of attention upon them : among 
thefe are Dr. Jurin, at the end of Dr. SMlfH’s Optics; M. 
Vol. LXXVI. Tt ^Epinus, 
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./Epinus, in tke Nov. Com. Petropol. V. 10.; M. Beguelin, 
in the Berlin Memoires, V. II. 1771; M. d’Arcy, in the 
Hiftoire de l’Acad. des Scienc. 1765 ; M. de la Hire ; and, 
laftly, the celebrated M. de Buffon, in the Memoires de 
l’Acad. des Scien. who has termed them accidental colours, as if 
fubje&ed to no eftabliffied laws, Ac. Par. 1743. M. p. 215. 

I mull: here apprize the reader, that it is very difficult for 
different people to give the fame names to various ffiades of co¬ 
lours ; whence, in the following pages, fomething muff be 
allowed if, on repeating the experiments, the colours here 
mentioned fhould not accurately correfpond with his own names 
of them. 


I. ACTIVITY OF THE RETINA IN VISION. 

From the fubfequent experiments it appears, that the retina 
is in an a&ive not in a paffive Bate during the exigence of 
thefe ocular fpeflra ; and it is thence to be concluded, that all 
vifion is owing to the adiivity of this organ „ 

1. Place a piece of red filk, about an inch ki diameter, as in 
fig, 1. (Tab. IX.) on a ffieet of white paper, in a ftrong light 5 
look Beadily upon it from about the dillance of half a yard for a 
minute; then doling your eyelids cover them with your 
hands, and a green fpe&rum will be feen in your eyes, refem- 
bling in form the piece of red filk : after fome time, this fpec- 
trum will difappear and ffiortly re-appearand this alternately 
three or four times, if the experiment is well made, till at 
length it vanifhes entirely. 

2. Place on a ffieet of white paper a circular piece of blue 
filk, about four inches in diameter, in the funffiirie; cover 
the center of this with a circular piece of yellow filk, about 

three 
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three Inches in diameter; and the center of the yellow filk with 
a circle of pink filk, about two inches in diameter; and the 
center of the pink filk with a circle of green filk, about one 
inch in diameter; and the center of this with a circle of in¬ 
digo, about half an inch in diameter; make a fmall fpeck with 
ink in the very center of the whole, as in fig. 2.; look fteadily 
for a minute on this central fpot, and then doling your eyes, 
and applying your hand at about an inch difiance before them, 
fo as to prevent too much or too little light from palling 
through the eyelids, you will fee the mofi beautiful circles of 
colours that imagination can conceive, which are mofi refem- 
bled by the colours occafioned by pouring a drop or two of oil 
on a ftill lake in a bright day; but thefe circular irifes of co¬ 
lours are not only different from the colours of the filks above- 
mentioned, but are at the fame time perpetually changing as 
long as they exift. 

3. When any one in the dark prefles either corner of his 
eye with his finger, and turns his eye away from his finger, he 
will fee a circle of colours like thofe in a peacock’s tail: and a 
fudden flalh of light is excited in the eye by a ftroke on it. 
(Newton’s Opt. Qu. 16.) 

4. When any one turns round rapidly on one foot, till he 
becomes dizzy and falls upon the ground, the fpedtra of the 
ambient obje&s continue to prefent themfelves in rotation, or 
appear to librate, and he feems to behold them for fome time 
ftill in motion. 

From all thefe experiments it appears, that the fpedra in 
the eye are not owing to the mechanical impulfe of light im- 
preffed on the retina, nor to its chemical combination with 
that organ, nor to the abforption and emiflion of light, as is 
obferved in many bodies: for in all thefe cafes the fpe&ra muft 
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either remain uniformly, or gradually diminifh ; and neither 
their alternate prefence and evanefcence as in the firfl experi- 
ment, nor the perpetual changes of their colours as in the 
fecond, nor the flafh of light or colours in the prefled eye as 
in the third, nor the rotation or libration of the fpe&ra as in 
the fourth, could exift. 

It is not abfurd to conceive, that the retina may be ftimu- 
lated into motion, as well as the red and white mufcles which 
form our limbs and veffels; fince it confifts of fibres* like 
thofe, intermixed with its medullary fubftance. To evince 
this ftrudture, the retina of an ox’s eye was fufpended in a 
glafs of warm water, and forcibly torn in a few places; the 
edges of thefe parts appeared jagged and hairy, and did not 
contradt, and become fmooth like Ample mucus, when it is 
diftended till it breaks; which (hews that it confifts of fibres % 
and this its fibrous conftrudtion became ftill more diftindt to the 
fight, by adding fome cauftic alkali to the water, as the ad¬ 
hering mucus was firft eroded, and the hair-like fibres remained 
floating in the veflel. Nor does the degree of tranfparency of 
the retina invalidate the evidence of its fibrous ftrudture, fince 
Leeuwenhoek has fhewn that the cryftalline humour itfelf 
confifts of fibres. (Arcana Naturae, V. i.p. 70.) 

Hence it appears* that as j the mufcles have larger fibres 
intermixed with a fmaller quantity of nervous medulla, 
the organ of vifion has a greater quantity of nervous me¬ 
dulla intermixed with fmaller fibres; and it is probable* that 
the locomotivemufcles, as well as the vafcular ones, of mi- 
crofcopic animals have much greater tenuity than thefe of the 
retina. 

And befides the fimilar laws, which will be fhewn in this 
Paper to govern alike the adlions of the retina and of the 

mufcles. 



ocular Spettra of Light and Colours .. giy 

mufcles, there are many other analogies which exift between 
them. They are both originally excited into a&ion by irrita-r 
tions, both a£t nearly in the fame quantity:of time,, are alike 
ftrengthened or fatigued by. exertion, arealike painful if ex*» 
cited into action when they are in an inflamed ftate, are alike: 
liable to paralyfis, and to the torpor of old age. 

ir. OF SPECTRA FROM DEFECT OF SENSIBILITY. 

The retina is not Jo eafly excited into ablion by. lefs irritation ? 
after having been lately fubjebied to greater. 

1. When any one pafles from the bright daylight into a ; 
darkened room, the irifes of his eyes expand themfelves to their - 
utmoft extent, in a. few feconds of time;.but it is very long; 
before the optic nerve, after having been ftimulated by the 
greater light of the day, becomes fenflble of, the lefs degree of 
it in the.room; and, if the room is not too obfcure, the irifes 
will again contract themfelves in fame degree, as the fend-, 
bility of the retina returns. 

2. Place about half an inch fquare of white paper on a black 
hat, and looking, fteadily on the center of it. for a.minute, re¬ 
move your eyes to a.iheet of white paper; and after a fecund 
or two a dark fquare will be feen on the white paper, which. 
will,,continue fome time. A iimilar dark fquare will be feen in 
the clofed eye, if light be admitted through the eye*lids. 

So after looking at any luminous object of a fmall fize, as 
at the fun, for a (hor.t time, fo as not , much to fatigue the 
eyes, this part of the retina becomes lefs fenfible to fmaller 
quantities of light; hence, when the eyes are turned on other 
lefs luminous parts of , the Iky, a dark fpot is feen refembling 
I the 
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the lhape of the fun, or other luminous obje£l which we 3 a ft 
beheld. This is the fource of one kind of the dark coloured 
mufcavolit antes. If this dark fpot lies above the center of the 
eye, we turn our eyes that way, expecting to bring it into the 
center of the eye, that we may view it more diftin&ly ; and in 
this cafe the dark fpedtrum feems to move upwards. If the 
dark fpe&rura is found beneath the center of the eye, we pur- 
fue it from the fame motive, and it feems to move downwards. 
This has given rife to various conjectures of fomething floating 
in the aqueous humours of the eyes ; but whoever, in attend¬ 
ing to thefe fpots, keeps his eyes unmoved by looking fleadily 
at the corner of a cloud, at the fame time that he obferves the 
dark IpeCtra, will be thoroughly convinced, that they have no 
motion but what is given to them by the movement of our 
eyes in purfuit of them. Sometimes the form of the fpeClrum, 
when it has been received from a circular luminous body, will 
become oblong; and fometimes it will be divided into two cir¬ 
cular fpeClra, which is owing to our changing the angle made 
by the two optic axifes, according to the diftance of the clouds 
or other bodies to which the fpeCtrum is fuppofed to be conti¬ 
guous. The apparent fize of it will alfo be variable according 
to its fuppofed diftance; but wheq fuch a fpeClrum is received 
with only one eye, the other being covered, its form and num¬ 
ber are invariable. 

As thefe fpedtra are more eafily obfervable when our eyes are, 
a little weakened by fatigue, it has frequently happened, that 
people of delicate conftitutions have been much alarmed at 
them, fearing a beginning decay of their fight, and have 
thence fallen into the hands of ignorant oculifts; but I believe 
they never are a prelude to any other difeafe of the eye, and 
that it is from habit alone, and our want of attention to them, 

7 that 
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that we do not fee them oil all objects every hour of our lives. 
But as the nerves of very weak people lofe their fenfibility, in 
the fame manner as their mufcles lofe their a&ivity, by a fmall 
time of exertion, it frequently happens, that lick people in the 
extreme debility of fevers are perpetually employed in picking 
fomething from the bed-cloaths, occasioned by their mistaking 
the appearance of thefe mujcte volitantes in their eyes. Benve¬ 
nuto Celini, an Italian artilt, a man of Strong abilities, re¬ 
lates, that having paffed the whole night on a distant mountain 
with feme companions and a conjurer, and performed many 
ceremonies to raife the devil, on their return in the morning to 
Rome, and looking up when the fun began to rife, they faw 
numerous devils run on the tops of the houfes, as they palfed 
along ; fo much were the fpedtra of their weakened eyes mag¬ 
nified by fear, and made fubfervient to the purpoSes of fraud 
or fuperttition. (Life of Ben. Celini.) 

3. Place a Square inch of white paper on a large piece of 
Straw-coloured Silk; look Steadily fome time on the white 
paper, and then move the center of your eyes on the Silk, and 
a fpe<£trum of the form of the paper will appear on the Silk, 
of a deeper yellow than the other part of it : for the central 
part of the retina, having been Some time expofed to the Stimu¬ 
lus of a greater quantity of white light, is become lefs Sensible 
to a Smaller quantity of it, and therefore fees only the yellow 
rays in that part of the Straw-coloured Silk. 

Fafts Similar to thefe are obfervable in other parts of our 
Syltem: thus, if one hand be made warm, and the’other ex¬ 
pofed to the cold, and then both of them immerfed in fubtepid 
water, the water is perceived warm to one hand, and cold to 
the other; and we are not able to hear weak founds for fome 
time after we have been expofed to loud onesand we feel a* 

chilli ne£s> 
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chillinefs on coming into an atmofphere of temperate warmth, 
after having been fonie time confined in a very warm room: 
and hence the flomach, and other organs of digeflion, of 
•thofe who have been habituated to the greater flimulus of fpi- 
rituous liquor, are not excited into their due adtion by the lefs 
flimulus of common food alone; of which the immediate con- 
fequence is indigeflion and hypochondriacifm. 


III. OF SPECTRA FROM EXCESS OF SENSIBILITY. 

The retina is mare eajily excited into adlion by greater irritation 
■after having been lately fubjccled to left* 

1. If the eyes are clofed, and covered perfectly with a hat, 
for a minute or two, in a bright day; on removing the hat a 
red or crimfon light is feen through the eye-lids^ In this ex¬ 
periment the retina, after being fome time kept in the dark, 
becomes fo fenfible to a fmall quantity of light, as to perceive 
diftindtly the greater quantity of red rays than of others which 
pafs through the eye-lids. A fimilar coloured light is feen to 
jpafs through the edges of the fingers, when the open hand is 
oppofed to the flame of a candle. 

2. If you look for fome minutes fleadily on a window in 
the beginning of the evening twilight, or in a dark day, and 
then move your eyes a little, fo that thofe parts of the retina, 
on which the dark frame-work of the window was delineated, 
may now fall on the glafs part of it, many luminous lines, 
reprefenting the frame-work, will appear to lie acrofs the glafs 
panes: for thofe parts of the retina, which were before leaf!: 
flimulated by the dark frame-work, are now more fenfible to 
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light tfiari the, other parts of the retina which were expofed to 
the more luminous parts of the window. 

3. Make with ink on white paper a very black fpot, about 
half an inch in diameter, with a tail about an inch in length, 
fo as to reprefent a tadpole; look fteadily for a minute on this 
Ipot, and, on moving the eye a little, the figure of the tadpole 
will be feen on the white part of the paper, which figure of 
the tadpole will appear whiter or more luminous than the other 
parts of the white paper; for the part of the retina on which 
the tadpole was delineated, is now more fenfible to light than 
the other parts of it, which were expofed to the white paper. 
This experiment is mentioned by Dr. Irwin, but is not by 
him afcribed to the true caufe, namely, the greater fenfibility 
of that part of the retina which has been expofed to the black 
ipot, than of the other parts which had received the white 
field of paper, which is put beyond a doubt by the next expe¬ 
riment. 

4. On doling the eyes after viewing the black fpot on the 
white paper, as in the foregoing experiment, a red fpot is feen 
of the form of the black fpot : for that part of the retina, on 
which the black fpot was delineated, being now more fenfible 
to light than the other parts of it, which were expofed to the 
white paper, is capable of perceiving the red rays which pene¬ 
trate the eyelids. If this experiment be made by the light of 
a tallow candle, the fpot will be yellow inftead of red; for 
tallow candles abound much with yellow light, which pafles 
in greater quantity and force through the eyelids than blue 
light; hence the difficulty of diftinguifhing blue and green by 
this kind of candle light. The colour of the fpedtrum may 
poffibly vary in the day light, according to the different colour 
of the meridian or the morning or evening light. 

Vol. LXXVI. U u 
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M. B®GxrELiNj'tn the Berlin Memoires, V. II. 1771, obferves, 
that, when he held a book fo that the fun fhone upon his 
half clofed eyelids, the black letters, which he had long in- 
fpefted, became red, which muft have been thus occafioned. 
Thofe parts of the retina which had received for feme time 
the black letters, were lb much more fenfible than thofe parts 
which had been oppofed to the white paper, that to the former 
the red light, which palled through the eyelids, was percepti¬ 
ble. There is a fimilar ftory told, I think, in M. de Voltaire’s 
Hiftorical Works, of a Duke of Tulcany, who was playing 
at dice with the general of a foreign army, and, believing he 
faw bloody fpots upon the dice, portended dreadful events, and 
retired in confufion. The obferver, after looking for a minute 
on the black fpots of a die, and careleflly doling his eyes, on 
a bright day, would lee the image of a die with red fpots upon 
it, as above explained. 

5. On emerging from a dark cavern, where we have long 
•continued, the light of a bright day becomes intolerable to the 
eye for a confiderable time, owing to the excels of fenfibility 
exifting in the eye, after having been long expofed to- little or 
no ftimulus. This oceafions us immediately to contract the 
iris to its fmalleft: aperture, which becomes again gradually 
dilated, as the retina becomes accuftomed to the greater ftimulus 
of the daylight. 

The twinkling of a bright ftar, or of a- diftant candle in the 
might, is perhaps, owing to the fame caufe. While we con¬ 
tinue to ldok upon thefe luminous objefts, their central parts, 
gradually appear paler, owing to the decreasing fenfibility of 
the part of the retina expofed to their light ;- whilft, at the 
fame time, by the uufteadinefs of the eye, the edges of them 
are perpetually falling on parts of the retina, that were juft: 

before 
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before expofed to the darknefs of the night, and therefore ten¬ 
fold more fenfible to light than the part on which the ftar or 
candle had been for fome time delineated. This pains the eye 
in a fimilar manner as when we come fuddenly from a dark 
room into bright daylight, and gives the appearance of bright 
fcintillations. Hence the ftars twinkle moll when the night is 
darkeft, and do not twinkle through telefcopes, as obfervcd by 
Musschenbroeck ; and it will afterwards befeen why this 
twinkling is fometimes of different colours when the object is 
very bright, as. Mr. Melvill obferved in looking at Sirius. 
For the opinions of others on this fubjedt, fee Dr. Priestley’s 
valuable Hiftory of Light and Colours, p. 494. 

Many fa£ts obfervable in the animal fyftem are fimilar to 
thefe; as the hot glow occafioned by the ufual warmth of the 
air, or our cloaths, on coming out of a cold bath; the pain of 
the fingers on approaching the fire after having handled fnow; 
and the inflamed heels from walking in fnow. Hence thofe 
who have been expofed to much cold have died on being 
brought to a fire, or their limbs have become fo much in¬ 
flamed as to mortify. Hence much food or wine given fud¬ 
denly to thofe who have ^lmoft peril'll ed by hunger has de¬ 
ft royed them; for all the organs of the famifhed body are now 
become fo much more irritable to the ftimulus of food and 
wine, which they have long been deprived of, that inflamma¬ 
tion is excited, which terminates in gangrene or fever. 


jv. 
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IV. OF DIRECT OCULAR SPECTRA. 

A quantity of fimiilus fotHeWhtit greater than natural excitH 
the retina into fpafmodic aSlion, which ceafs in afewftcbnds. 

A certain duration and energy’ of'the ftimulus of light and 
colours excites the perfect a&ion of the retina in vifion; for 
very quick motions are imperceptible to us, as well as very 
flow Ones, as the whirling of a top, or the Aiadow on a fun- 
dial. So perfect darknefs does not affe<£f the eye, at all; and 
excefs of light produces pain, not vifion. 

i . When a fire-coal is Whirled round in " the dark, a lucid 
circle remains a Confiderable time im the eye; and that with fo 
much vivacity of light, that it is miftaken for a continuance of 
the irritation of the object. In the fame manner, when % 
fiery meteor (hoots acrofs the night, it appears to leave a long, 
lucid train behind it, part of which, and perhaps fometimes 
the whole, is owing to the continuance of the action of the retina 
after having been thus vividly excited.. This is beautifully 
illuftrated by the following experiment: fix a paper fail, three; 
or four inches in diameter, and made like that of a fmoke jack,, 
in a tube of pafteboard; on looking through the tube at a 
diftant profpedt, feme disjointed parts. of it; will be leen; 
through the narrow intervals between the fails; but as the fly 
begins to revolve, thefe intervals appear larger j and when it 
revolves quicker, the whole profpedt is feen quite as diftindb 
as if nothing intervened,, though lefs luminous. 

2. Look through a dark tube, about half a yard long, at 
the area of a yellow circle of half an inch diameter, lying: 
upon a blue area of double that diameter, for half a minute ; 

i, and 
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and oil doling your eyes the colours of the fpeftrum will appear 
fimilar to the 5 two areas, a§ in fig. 3.;< hut if the eye is kept 
too long upon them, the colours of.the'fpe&nam will be the 
tgverfe of thole upon the papery that is* the! internal , circle 
Will become blue, and the external area yellow; hence fome 
attention is required in making this experiment* 

3. Place the bright ' flame of a fpermaceti candle ibefore a 
black bbje£t in the might ; look fireadily tat it. for a ifiort itime, 
till it is bbferved to become fomewhat paler; tand on doling 
the eyes, and covering them carefully, biitJhot fe as to cOmprefs 
them, the image of the blazing candlecWill«cocttinne>dilHn(£tly 
to be vilible. 

4. Look fteadily, for a fhort time* iat a .'window .in a dark 
day, as in Exp. 2. S.. iir. and then doling your eyes, and 
covering them with your bandsman exa£t 'delineation of the 
window remains fdr< feme' time vifible in the eye. This e?xpe» 
rimeht requires a little pra^iceto make i6ducceed we 11; fince, 
if the eyes are fatigued by looking too long the window, or 
the day be too bright, the luminous parts of the window will 
appear dark in the fpe&rum, and the dark parts of the frame¬ 
work willappear luminousjxas in Exp. 2. S.'in. And it is 
even difficult for many, who firft try this experiment* to per¬ 
ceive the fpe&rum at all ; for any hurry of mind, or even too 
great attention to the fpe&rurnitfelf, will difappointlthem, till 
they have had;a little experience in;aitMdingi to iluclyifinall 
fenfations.: 

The fpe&ra defcribed in ’ this le&ion, termed dired ocular 
fpe&ra, are produced without much, fatigue of the eye; the 
irritation of the -luminous objeft being foon withdrawn, or its 
quantity of light being not fo great as to produce any degree of 
tineafinefs in the organ of vilion; which diftinguilhes them. 
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from the next clafs of ocular lipe&ra, which are the coilfe* 
quence of fatigue. Thefe dire^fc fpeftra are beft obferved irt 
fuch cirbumftances that no light, hut what gomes from the 
objebt, can fall upon the eye; as in looking through a tube, 
of half a yard long, and an inch wide, at a yellow paper oil 
the fide of a room, the direbt fpe&rum was ealily produced on 
doling the eye without taking it from the tube: but if the 
lateral light is admitted through the eye-lids, or by throwing 
the lpebtrum on white paper, it becomes a reverfe fpebtrum, 
as will be explained below. 

The other fenfes alfo retain for a time the impreflions that 
have been made upon them, or the actions they have been ex¬ 
cited into. So if a hard body is prefled upon the palm of the 
hand, as is pra&ifed in tricks of legerdemain, it is not eafy to 
diftinguilh for a few feconds whether it remains or is removed ; 
and taftes continue long to ex ill vividly in the mouth, as the 
fmoke of tobacco, or the- tafte of gentian, after the fapid 
material is withdrawn. 

V. si quantity of Jlimulus fomewhat greater than the lajl men¬ 
tioned excites the retina into fpafmodic a6lion> -which ceafes and 
recurs alternately. 

i. On looking for a time on the fetting fun, fo as not 
greatly to fatigue the fight, a yellow fpe&rum is feen when 
the eyes are clofed and covered, which continues for, a time, 
and then difappears, and recurs repeatedly before it intirely 
vauilhes. This yellow fpebtrum of the fun when the eye¬ 
lids are opened becomes blue ; and if it is made to fall on the 
green grafs, or on other coloured objebts, it varies its own 

colour 
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colour by an intermixture of theirs, as will be explained in 
another place, 

2. Place a lighted Ipermaceti candle in the night about one 
foot from your eye, and look fteadily on the center of the 
flame, till your eye becomes rnvich more fatigued than in S. IV. 
Exp. 3,; and on elofing your eyes a reddifh, fpe&rum will be 
perceived, which will ceafe and return alternately. 

The a&ion of vomiting in like manner ceafes, and is 
renewed by intervals, although the emetic drug is thrown up 
with the firft effort: fo after-pains continue fome time after 
parturition > and the alternate puliation^ of the heart of a viper 
are renewed for fome time after it is. cleared from its blood. 


vi. of reverse ocular spectra. 

The retina after having been excitedinto aSiion by a Jlitnulus 
Jomewhat greater than the loft mentioned falls into appojite 
Jpafmidic aSiion. 

The a&ions of every part of animal bodies, may be adyan- 
tageoufly compared with each other. This ftri£ analogy con¬ 
tributes much to the inveftigation of truth; while thofe looler 
analogies, which compare the phaenomena of animal life with 
thofe of chemiftry or mechanics, only ferve to miflead our 
inquiries. 

When any of our larger mufcles, have been, in long or in 
violent. a£tion, an<J their antagonifts have been at the fame 
time extended, as foon as the action of the former ceafes, the 
limb isftretched the contrary way for our eafe, and a pandicu¬ 
lation or yawning takes place, 

Z % 
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'•■ By the, milmmg obfamhns - it appears, that a fimilar clr- 
cumftance obtains in the organ of vifion; after. it has been 
fatigued by one kind of action, it fpontaneoufly falls, into, the 
eppofite kind. 

i . Place a piece of coloured-fib, about an inch in diameter, 
©h fheet of white paper, about half ayardfromyour eyes; 
look fteadily upon- it-fbr a -minute; then remove your eyes 
upon another part*Of the-white paper, and a fpe&rum will be 
feen of the form of the filk- thus infpedted, but of a colour 
©ppofite to it; A fpe€trum nearly fimilar will appear; if the 
eyes are crlofed, and the eyelids fhaded by approaching the 
hand' near them, fo as to permit- fome but to: prevent to® 
.much light falling on them. 

Red,fi}k.produceda green fpe&rutm 

Green produced a redone. 

< ©range-produeei Um . 

Blue produced orange. 

Yellow produced violet. 

"Violet produced yellow. 

That in thefe experiments the colours of the fpe&ra are the 
treverfe of the colours which occafioned them, may be feen 
tby examining the third figure in Sir Isaac Newton’s Optics, 
L». II. p. i. where thole thin laminae of air, which reflected 
yellow, tranfmitted violei;; thole which refte&ed red, tranf- 
mitted a blue-green; and fo of the reft, agreeing with the 
experiments above related. 

2. Thefe reverfe fpeffcra are fimilar to a colour, formed by a 
combination of all the primary colours except that with which 
the eye has been fatigued in making the experiment: thus the 
reverfe fpe&rum of red muft be luch a green as would be pro¬ 
duced by a combination of all the other prifmatic colours. 

To 
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To evince this fa& the following fatisfa&ory experiment was 
made. The prifmatic colours were laid on a circular pafteboard 
wheel, about four inches in diameter, in the proportions de¬ 
ferred in Dr. Priestley’s Hiftory of Light and Colours, 
pi. 12. fig. 83. except that the red compartment was intirely 
left out, and the others proportionably extended fo as to com¬ 
plete the circle. Then, as the orange is a mixture of red and 
yellow, and as the violet is a mixture of red and indigo, it be¬ 
came neceflary to put yellow on the wheel inftead of orange, arid 
indigo inftead of violet, that the experiment might more 
exactly quadrate with the theory it was defignedto eftablifh or 
confute; becaufe in gaining a green fpedtrum from a red ob¬ 
ject, the eye is fuppofed to have become infenfible to red light.. 
This wheel, by means of an axis, was made to whirl like a 
top ; and on its being put in motion, a green colour was pro¬ 
duced, correfponding with great exadtnefs to the reverfe fpec- 
trum of red. 

3. In contemplating any one of thefe reverfe fpe<£lra in the 
clofed and covered eye, it difappears and re-appears feveral times 
fucceffively, till at length it intirely vanifhes, like the diredt 
fpedtra in fedt. v.; but with this additional circumftance, that 
when the fpedtrum becomes faint or evanefcent, it is inftantly 
revived by removing the hand from before the eyelids, fo as to 
admit more light: becaufe then not only the fatigued part of 
the retina is inclined fpontaneoufly to fall into motions of a 
contrary diredtion, but being ftill fenfible to all other rays of 
light, except that with which it was lately fatigued, is by 
thefe rays at the fame time ftimulated into thofe motions 
which form the reverfe fpedtrum. 

From thefe experiments there is reafon to conclude, that the 
fatigued part of the retina throws itfelf into a contrary mode 
Vol. LXXVI. X x of 
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of a&ion, like ofcitation or pandiculation, as foon as the ftimu- 
lus which has fatigued it is withdrawn; and that it ftill re¬ 
mains fenlible, that is, liable to be excited into action by any 
other colours at the fame time, except the colour with which 
it has been fatigued. 


vn. T!he retina after having been excited into action by a Jlimulus 
fomewhat greater than the lajl mentioned falls into various 
fuccefive fpafmodic aflions. 

1. On looking at the meridian fun as long as the eyes can 
well bear its brightnefs, the difc firft becomes pale, with a lumi¬ 
nous crefcent, which feems to librate from one edge of it to 
the other, owing to the unfteadinefs of the eye; then the 
whole phalis of the fun becomes blue, furrounded with a white 
halo; and on doling the eyes, and covering them with the 
hands, a yellow fpe&rum is feen, which in a little time 
changes into a blue one. 

M. de la Hire obferved, after looking at the bright fun, 
that the impreffion in his eye hrilaffumed a yellow appearance, 
and then green, and then blue; and wilhes to afcribe tliefe 
appearances to feme affedion of the nerves. (Porterfield on 
the Eye, Vol. I. p. 343-) 

2. After looking fteadily on about an inch fquare of pink 
lilk, placed on white paper, in a bright funlhine, at the dif- 
tance of a foot from my eyes, and doling and covering my 
eyelids, the fpe&rum of the filk was at firfl: a dark green, and’ 
the fpe&rum of the white paper became of a pink. The 
fpedlra then both difappeared ; and then the internal fpeftrum 
was blue; and then, after a fecond difappearance, became yellow. 
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and laftly pink, whilft the fpe&rum of the field varied into red 
and green. 

Thefe fucceflions of different coloured fpeCtra .were not 
exactly the fame in the different experiments, though obferved, 
as near as could be, with the fame quantity of light, and 
other fimilar circumflances; owing, I fuppofe, to trying too 
many experiments at a time; fo that the eye was not quite 
free from the fpeCtra of the colours which were previoufly 
attended to. 

The alternate exertions of the retina in the preceding feClion, 
refembled the ofcitation or pandiculation of the mufcles, as 
they were performed in directions contrary to each other, and 
were the confequence of fatigue rather than of pain. And 
in this they differ from the fucceffive diffimilar exertions of 
the retina, mentioned in this feCtion, which referable in mi¬ 
niature the more violent agitations of the limbs in convulfive 
difeafes, as epilepfy, chorea S. Viti, and opiflhotonos; all 
which difeafes are perhaps, at firff, the confequence of pain, 
and have their periods afterwards eftablifhed by habit. 


viii. The retina , after having been excited into alt ion by afimulus 
fomewhat greater than the laf mentioned, falls' into a fxed 
fpafmodic alt ion, which continues for fome days. 

1 . After having looked long at the meridian fun, in making 
fome of the preceding experiments, till the difcs faded into a 
pale blue, I frequently obferved a bright blue fpeClrum of the 
fun on other objeCts all the next and the fucceeding day, which 
conftantly occurred when I attended to it, and frequently when 
I did not previoufly attend to it. When I clofed and covered 

X x 2 my 
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my eyes, this appeared of a dull yellow ; and at otfier times 
mixed with the colours of other objects on which it was 
thrown. It may be imagined, that this part of the retina was 
become infenfible to white light, and thence a bluifh fpe&rum 
became vifible on all luminous objects; but as a yellowifh fpec- 
trum was alfo feen in the clofed and covered eye, there can 
remain no doubt of this being the fpedtrum of thefun. A 
fimilar appearance was obferved by M. Mbwvs, which he 
acknowledges he could give no account of. (Nov. Com. Petrop. 
V. io, p. 2. and 6.) 

The locked jaw, and fome cataleptic fpafnas, are refembledi 
by this phaenomenon; and from hence we may learn the dan¬ 
ger to the eye by infpe&ing very luminous obje&s too long a 
time. 

lx. A quantity of 'JUmulus greater than the preceding induces a 

temporary paralyjis of the organ of vifon. 

1. Place a circular piece of bright red (ilk, about half an 
inch in diameter, on the middle of a (beet of white paper; 
lay them on the floor in a bright funfhine, and fixing your 
eyes fteadily on the center of the red circle, for three or four 
minutes, at the diftance of four or fix feet from the object, the 
red filk will gradually become paler, and finally ceafe to appear 
red at all. 

2. Similar to thefe are many other animal fa&s ; as purges, 
opiates, and even poifons, and contagious matter, ceafe to 
Annulate our fyftem, after we have been habituated to their 
ufe, So fome people fleep undifturbed by a clock, or even by 
a forge hammer in their neighbourhood : and not only conti¬ 
nued irritations, but violent exertiops of any kind, are fucceeded 



ocular SpeWra of Light la tid Colour's. 333 

by temporary paralyfis. The arm drops down after violent 
a&ion, and continues for a time ttfoiefef'aiid k : is jjrobable, 
that thofe who have perilhed fuddenly in fwimfoing, or ih 
foating on the ice, have owed their deaths to the paralyfis, or 
extreme fatigue, which fuceeeds every violent and continued 
exertion. 


X. MISCELLANEOUS REMARKS. 

There were feme circumftances occurred in making thefe 
experiments, which were liable to alter the rcfults of them, 
and which I Thrall here mention for the affifoance of others, who 
may with to repeat them. 


1. Of direSi and inverfe fpeftra exifting at the fame time ; of 
reciprocal direct fpeftra ; of a combination of dir eft and inverfe 
fpeftra ; of a fpeftral halo ; rules to pre-detetmine the colours of 

a. When an area, about fix inches fquare, of bright pink 
Indian paper, had been viewed on an area, about a foot fquare, 
of white writing paper, the internal fpe&rum in the clofed eye 
was green, being the reverfe fpe&rum of the pink paper ; and 
the external fpe&rum was pink, being the direct fpe< 5 trumof the 
pink paper. The fame circumftance happened when the in¬ 
ternal area was white, and external one pink; that is, the 
internal fpedtrum was pink, and the external one green. All 
the fame appearances occurred when the pink paper was laid 
on a black hat. 

b. When fix inches fquare of deep violet poll filed paper was 
viewed on a foot fquare of white Writing paper, the internal 

fpe&rum 
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fpe&rutn was yellow, being the reverfe fpe&rum of the violet 
paper, and; the external one was violet, being the direct ipec- 
trum of, the. violet paper. 

c. When fix inches fquare of pink,paper was viewed on a foot 
fquare, of blue paper, the internal fpe&rum was blue, and the 
external fpedtrum was pink; that is, the internal one was the 
direct fpedtrum of the external object, and the external one was 
the diredl Ipedtrum of the internal object, inftead of their being 
each the reverfe fpe&rum of the objects they belonged to. 

d. When fix inches fquare of blue paper were viewed oil a 
foot fquare of yellow paper, the interior fpectrum became a 
brilliant yellow, and the exterior one a brilliant (blue. The 
vivacity of the fpe£tra was owing to their being excited both by 
the fiimuius of the interior and exterior objects ; fo that the 
interior yellow fpedtrum was both the reverfe fpeftrum of the 
blue paper, and the diredt one of the yellow paper; and the 
exterior blue fp eft rum was both the reverfe fpedtrum of the 
yellow paper, and the direct one of the blue paper. 

e. When the internal area was only a fquare half-inch of 
red paper, laid on a fquare foot of dark violet paper, the in¬ 
ternal fpedfcrum was green, with a reddifh-blue halo. When 
the red internal paper was two inches fquare, the internal 
fpedtrum was a deeper green, and the external one redder. 
When the internal paper was fix inches fquare, the fpedtrum 
of it became blue, and the fpedtrum of the external paper was 
red. 

f. When a fquare half-inch of blue paper was laid on a fix- 
inch fquare of yellow paper, the fpedtrum of the central paper 
in the clofed eye was yellow, incircled with a blue halo. On 
looking long on the meridian fun, the dife fades into a pale blue 
fbrrounded with a whitifii halo. 
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Thefe circumflances, though they very much perplexed the 
experiments till they were invefligated, admit of a fatisfadlory 
explanation; for while t he rays from the bright internal ob¬ 
ject in exp. a. fall with their full force on the center of the 
retina, and, by fatiguing that part of it, induce the reverfe 
fpe&rum, many fcattered rays, from the fame internal pink 
paper, fall on the more external parts of the retina, but not in 
fuch quantity as to occafion much fatigue, and hence induce 
the diredt fpeftrum of the pink colour in thole parts of the 
eye. The fame reverfe and diredfc fpedlra occur from the violet 
paper in exp. b .: and in exp. c. the fcattered rays from the 
central pink paper produce a diredt fpedfcrum of this colour on 
the external parts of the eye, while the fcattered rays from 
the external blue paper produce a diredt fpedtrum of that colour 
on the central part of the eye, inflead of thefe parts of the 
retina falling reciprocally into their reverfe fpedlra. In exp. d. 
the colours being the reverfe of each other, the fcattered rays 
from the exterior objedt falling on the central parts of the eye, 
and there exciting their direct fpedtrum, at the fame time that 
the retina was excited into a reverfe fpedtrum by the central 
object, and this direct and reverfe fpedtrum being of fimilar 
colour, the fuperior brilliancy of this fpedtrum was produced. 
In exp. e. the effect of various quantities of ftimulus on the 
retina, from the different refpedtive fizes of the internal and 
external areas, induced a fpedtrum of the internal area in the 
center of the eye, combined of the reverfe fpedtrum of that in¬ 
ternal area and the direct one of' the external area, in various 
fhades of colour, from a pale green to a deep blue, with fimi¬ 
lar changes in the fpedtrum of the external area. For the fame 
reafons, when an internal bright objedt was final!, as in exp .ji 
inflead of the whole of the fpedtrum of the external objedt 

being 
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being, reverfe to the colour of the internal objebt, only a kind 
of halo, or radiation of colour, fimilar to that of the internal 
object, was fpread a little way on the external fpedtrum. For 
this internal blue area being fo fmall, the fcattered rays from it 
extended but a little way on the image of the external area of 
yellow paper, and could therefore produce only a blue Halo 
round the yellow fpebtrum in the center. 

If any one /hould fufpebt that the fcattered rays from the 
exterior coloured objebt do not intermix with the rays from the 
interior coloured objebt, and thus affebt the central part of the 
eye, let him look through an opake tube, about two feet in 
length, and an inch in diameter, at a coloured wall of a room 
with one eye, and with the other eye naked ; and he will find,, 
that by /hutting out the lateral light, the area of the wall feen 
through a tube appears as if illuminated by the funfhine, com¬ 
pared with the other parts of it; from whence ariles the advan¬ 
tage of looking through a dark tube at diftant paintings. 

Hence we may fafely deduce the following rules to determine 
before-hand the colours of all /pebtra. r. The dir eft fpedtrum 
without any lateral light is an evanefeent reprefentation of its 
objedt in the unfatigued eye. 2. With fome lateral light it 
becomes of a colour combined of the diredt /pedtrum of the 
central objebt, and of the circumjacent objebts, in proportion 
to their refpeftive quantity and brilliancy. 3. The reverfe 
Jperirum without lateral light is a .reprefentation in the fatigued 
eye of the form of its objebts, with fuch a colour as would 
be produced by all the primary colours, except that of the ob¬ 
jebt. 4. With lateral light the colour is compounded of the 
reverfe fpebtrum of the ceutrab objebt, and the diredt fpebtrum 
of the circumjacent objebts, in proportion to their refpebtive 
quantity and brilliancy. 
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it. Variation and vivacity of thefpeftra occafoned by extraneous 
light. 

The reverfe Ipedfcrum, as has been before explained, is limi- 
lar to a colour, formed by a combination of all the primary 
colours, except that with which the eye has been fatigued in 
making the experiment: lb the reverfe fpedtrum of red is fuch 
a green as would be produced by a combination of all the other 
prifmatic colours'. Now it muft be obferved, that this reverie 
fpedbum of red is therefore the direct fpedtrum of a combina¬ 
tion of all the other prifmatic colours, except the red; whence, 
on removing the eye from a piece of red filk to a Iheet of 
white paper, the green fpedtrum, which is perceived, may 
either be called the reverfe fpedtrum of the red filk, or the 
direct fpedtrum of all the rays from the white paper, except 
the red; for in truth it is both. Hence we fee the reafon why 
it is not ealy to gain a diredt fpedtrum of any coloured objedt 
in the day-time, where there is much lateral light, except of 
very bright objects, as of the letting fun, or by looking 
through an opake tube; becaufe the lateral external light 
falling alfo on the central part of the retina, contributes to 
induce the reverfe fpedtrum, which is at the fame time the 
diredt fpedtrum of that lateral light, deducting only the colour 
of the central objedt which we have been viewing. And for the 
fame reafon, it is difficult to gain the reverfe fpedtrum, where 
there is no lateral light to contribute to its formation. Thus, 
in looking through an opake tube on a yellow wall, and doling 
my eye, without admitting any lateral light, the fpedtra were 
all at frit yellow ; but at length changed into blue. And on 
looking in the fame manner on red paper, I did at length get a. 

Vol. LXXVI. Y y green 
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green fpe&rum; but they were all at fir ft red ones: and the 

fame after looking at a candle in tfie night. 

The reverfe fpeftrum was formed with greater facility wljeir 
the eye was thrown from the objeft on a (heet of white paper, 
or when light was admitted through the clofed eyelids; be- 
Cauie not bftly the fatigued part of the retina waa inelined 
ipontaneoufly to fall into motions of 1 a contrary "dire^ion ; hut 
being ftill fenfible to all other rays of light except that with 
which it Was lately fatigued, .was by thefe rays ftimulatedat 
the fame time into thoft motions which form the reverfe fpec» 
trum. Hence,: whenthereverfe fpe&rum of any colour be- 
feaftie faint, it was wonderfully revived by admitting more light 
tfirOUgh'the eyelids;.’ by removing the hand from before them : 
and 1 hence, on covefing-the clofed eyelids, the fpeftrum would 
£>ft : eh ceafe : for ' a time; till the retina became fenfible to the 
ftunulus of the fmallef cjfianfity of light, and then it recurred.. 
’Nor Was the fpe&rum only changed in •vivacity, or in degree, 
by this admiftiobof-fight"through the eyelidsj but it fre¬ 
quently happened, after having viewed bright objects, that the 
fpeCtrtfm- in the clofed and coveiedeye was changed into a third 
i^eftrnm, when light was admitted through the eyelids : 
Which third fpe<3irum was compofed of fuch colours as could 
pais through the eyelids, except thofe of the obje<ft. Thus,, 
when an area of half an inch diameter of pink paper was. 
viewed on a ftieet of White paper in. the funftnne, the’ fpe&rum 
with clofed and covered eyes was green ;; but on removing the 
hands frbtn before the clofed eyelids, the fpeCtrum became 
yellow, and 1 returned inftantly again to green, as often, as the 
hands were applied to cover the eyelids, or removed frona 
them - .: for the retina being now infenfible to red 1 light, the 
yellow rays paffing through the eyelids in greater quantity 
than the other colours, induced, a yellow fpeclrum % whereas: if 
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the fpedtrum was thrown on white paper, with the eyes open, it 
becam only a lighter green. 

Though a' certain quantity of light facilitates the • formation 
of the reverie fpedtrum, a greater quantity prevents its forma¬ 


tion, as the more powerful ftimulus excites even the fatigued 
parts of the eye into adtlon; otherwife we Ihould lee • the 
fpedtrum of the laft viewed objedt as r often as we turn our 
eyes. HenCe^ the reverie fpedtra are belt fee n by gfacluaHy'ap- 
proaching the hand near the clofed eyelids to a certain diltance 
only, which mull be varied with the brightnefs of the day, or 
the ehergy bf the, fpe£trum. : Add to this, that all dark fpedtra, 
as black, blue, or green, if light be admitted through the eye*; 
lids, after they have been fome time covered, give reddidi 
fpedtra, for the reafcns given ia feet. III. exp. i. 

From thefe circumltances of the extraneous light coinciding 
with the fpohtaneous efforts of the fatigued retina to produce a 
reverie lpedtrum, as was obferved before, it is not ealy to gain 
a diredt fpedtrum, except of objedts brighter than the ambient 
light; fuch as a candle in the night, thefetting fun, or view¬ 
ing a bright objedt through an opake tube ; and then the reverie 
fpedtrum is mlfantaneoufly produced by the admiffion of fome 
external light; and is as inftantly converted again to the diredt 
fpedtrum by the exelulion of it. Thus, on looking at the fet- 
ting fim, on doling the eyes, and covering them, a yellow 
fpedtrum is feed, which is the diredt fpedtrum of the fetting 
fun; but on opening the eyes on the Iky, the yellow 
fpedtrum is immediately changed into a blue one, which 
is the reverie fpedtrum of the yellow fun, or the diredt fpec- 
trmm of the blue Iky, or a combination of both And this 
is again transformed into a yellow one on doling the eyes, 
and fo reciprocally, as quick as the motions of the opening 
and doling eyelids. Hence, when Mr. Melvill obferved 

Y y z the 
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the fcintillations of the ftar Sirius to be fometiraes coloured, 
thefe were probably the diredt fpedtrum of the blue Iky on the 
parts of the retina fatigued by the white light , of the ftar# 
(Effays Phyfical and Literary, p. 8r. V. 2 .) 

When a diredt fpedtrum is thrown on colours darker than 
itfelf, it mixes with them? as the yellow fpedtrum of the 
fetring fun, thrown on the green grafs, becomes a greener 
yellow. But wben a direfl fpedtrum is thrown on colours 
brighter. than itfelf, it becomes inftantly changed into the 
reverie fpedtrum, which mixes with thofe brighter co¬ 
lours. So the yellow fpedtrum of the fetting fun thrown on 
the luminous iky becomes blue, and changes with the colour 
or brightnefs of the clouds on which it appears. But the re- 
verfe fpedtrum mixes with every kind of colour on which it is 
thrown, whether brighter than itfelf or not: thus the reverfe 
fpedfrum, obtained by viewing a piece of yellow filk, when 
thrown on white paper was a lucid blue green; when thrown 
on black Turkey leather becomes a deep violet. And the fpec- 
trum of blue filk, thrown on white paper, was a light yel¬ 
low ; on black filk was an obfcure orange; and the blue fpec- 
trum, obtained from orange-coloured filk, thrown on yellow, 
became a green. 

In thefe cafes the retina is thrown into adtivity or fenfation 
by the ftimulus of external colours, at the fame time that it 
continues the adtivity or fenfation which forms the fpedtra ; in 
the fame manner as the prifmatic colours, painted on a whirl¬ 
ing top, are feen to mix together. When thefe colours of ex¬ 
ternal objects are brighter than the diredt fpedtrum which is 
thrown upon them, they change it into the reverfe fpedtrum, 
like the admiflion of external light on a diredt fpedtrum, as 
explained above. When they are darker than the diredt fpec- 

trum 



ocular SpeSlra of Light and Colours. 341 

trum, they mix with it, their weaker ftimulus being infuffi- 
cientto induce the reverfe fpe&rum. 


ill. Variation of fpefira in refpeSi to number and figure and 

remijjion. 

When we look long and attentively at any object, the eye 
cannot always be kept intirely motionlefs; hence, on infpe£t- 
ing a circular area of red filk placed on white paper, a lucid 
crefcent or edge is feen to librate on one fide or other of the red 
circle : for the exterior parts of the retina fometimes falling on 
the edge of the central filk, and fometimes on the white paper, 
are lefs fatigued with red light than the central part of the re¬ 
tina, which is conftantly expofed to it; and therefore, when 
they fall on the edge of the red filk, they perceive it more 
vividly. Afterwards,, when the eye becomes fatigued, a green 
fpe&rumin the form of a crefcent is feen to librate on one fide 
or other of the central circle, as by the unfteadinefs of the 
eye a part of the fatigued retina falls on the white paper ; and 
as by the increafing fatigue of the eye the central part of the 
filk appears paler, the edge on which the unfatigued part of 
the. retina occafionally falls will appear of a deeper red than 
the original filk, becaufe it is compared with the pale internal 
part of it. M. de Buffon in making this experiment obferved, 
that the red edge of the filk was not only deeper coloured than 
the original filk; but, on his retreating a little from it, it be¬ 
came oblong, and at length divided into two, which maft have 
been owing to a change of the angle of the two optic axifes 
with the new diftance he obferved it at. Thus, if a pen is 
held up before a diftaot candle, when we look intenfely at the 
pen two candles are feen behind it; when we look intenfely at 
7 the 
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the candle two pens'are feen. If ’the fight be unfleady atthe : 
.time of beholding the fun, even though one eye only be ufed/ 
many images of the fun will appear, or luminous lines, when the 
eye is clofed. And as Ibme parts of thefe will bemorevivid than 
others, and feme parts of them will be produced nearer the 
center of the eye than others, thefe will difappear fooner than 
the others ; and hence the number' and : ffiape of thefe fpe£tra 
of the fan will continually vary, as‘ long as they exift. The 
caufe of fome being more vivid than others, is the unfteadinefs 
of the eye of the beholder, fo that fome-parts of the retina- 
have been longer expofed to the funbeams. That fome parts 
of a complicated fpe£brum fade and return before Other parts of 
it, the following experiment evinces. Draw three concentric 
circles; the external one an inch and a half in ; diameter, the' 
middle one an inch, and the internal one half an inch ; colour 
the external and internal areas blue, and the remaining one 
yellow, as in fig. 4.; after having looked about a minute on 
the center of thefe circles, in a bright light, the fpedrum of 1 
the external area appears hrfVin the-clofed eye, then the middle ’ 
area, and laflly the central one ; and then the central one dis¬ 
appears, and the others in inverted order. If concentric circles 
of more colours are added, it produces the^beautiful ever' chang- 1 
ing fpe£trum in feft.T. exp. a. 

- From hence it would feeni, that the center of the eye pro* 
duces quicker remiffions of fpe&ra, owing perhaps to its 
greater fenfibiiity; that is, to its more energetic exertions. 
Thefe remiffions of fpe&ra bear fome analogy to the tremors 
of the hands, and palpitations of the heart, of weak people: 
and perhaps a criterion of the ftrength of any mufcle or nerve 
may be taken from the time it can be continued in exertion. 
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IV. 
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tv. Variation of' fpeStra in re^e^ia~hiMlHeejt% the vijibility of t he- 
circulation of the blood in the eye.. 

j. The meridian or evening light makes a difference in the- 
colours of feme fpeftra; for as the fun defcends, the red rays,, 
which are fefs refrangible by the convex atmofphere, abound 
in great quantity. Whence the fpe<£trum of the light parts of 
a window at this tirae„ or early in the morning, is red ; and 
becomes blue either a little later or earlier; and white in the 
meridian day; and is alfo variable from the colour of the clouds; 
or Iky which are oppofed to the window- 

2:. All thefe experiments are liable to be confounded, if they 
are made too foon after each other, as the remaining fpedrum. 
will mix. with the new ones. This is a very troublfefome cir- 
cumftance to painters, who are obliged to look long upon the fame 
colour; and in particularyt«vthofe whofe eyes, from natural de¬ 
bility, cannot long continue the fame kind of exertion,. For 
the fame reafen, in making thefe experiments-, the refult be¬ 
comes much varied if the eyes* after viewing any objeffc, are 
removed on other objefls for but an inftant of time, before we 
clofe them to view the fpeflrum ; for the light from the obje£t,. 
of which .we had only a. tranfient view,, in the very time of 
elofing.our eyes a£ts a9 a ffimulus on the fatigued: retina;; and. 
for a time prevents the defeed fpe&rum from appearing, or 
mixes its- own fpeftrurn with it. Whence,, after the eyelids. 

are doled, either a dark field, or forne unexpected.colours, are- 

beheld for a few feconds,, before the defeed fpedtrum becomes* 
diftin£tly vifible, 

3. The length of time taken up in viewing an object, of 
which we are to obferve the fpedrum,. makes a great difference 
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in the appearance of the fpe&rum,. not only in its vivacity, but 
in its colour; as the dire£fc fpe&rum of the central object,, or of 
the circumjacent ones, and alfo th& reverfe fpeftra of both, 
with their various combinations, as well as. the. time of their 
duration in the eye, and of their remiffions or alternations,, 
depend upon the degree of fatigue the retina is fubjefted to. 
The Chevalier d’Arcy conftru&ed a machine by which a coal 
of fire was whirled round in the dark,, and found, that when a 
luminous body made a revolution in eight thirds of time, it 
prefented to the eye a complete circle of fire ; from whence he 
concludes, that the imprefiion continues on the organ about 
the feventh part of a fecond. (Mem. de l’Acad. des Sc. 
ij6$.y This, however, is only to be confidered as the fhortefl 
time of the duration of thefe dirett fpeftra ; fince in the fa¬ 
tigued eye both the diredt and reverfe fpe£tra, with their 
in termi (lions, appear to take up many feconds of time, and 
feem very variable in proportion to the circumftances of 
fatigue or energy.' 

4 . It fometimes happens, if the eyeballs have been rubbed 
hard with the fingers, that lucid fparks are feen in quick mo¬ 
tion amidft the fpe&rum we are attending to. This is fimilar 
to the flafhes of fire from a ftroke on the eye in fighting, and 
is refembled by the warmth and glow which appear upon the 
fkin after friction, and is probably owing to an acceleration of the 
arterial blood into the. veflels emptied by the previous preffure. 
By being accuftomed to obferve luch fmali fenfations in the eye,, 
it is eafy to fee the circulation of the blood in this organ. I 
have attended to this frequently, when I have obferved my 
eyes more than commonly fenfible to other fpe£tra. The 
circulation may be feen either in both eyes at a time, or only 
in one of them ; for as a certain quantity of light is ueceflary 

to 
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to produce this curious phenomenon, if one hand be brought 
nearer the clofed eyelids than the other, the circulation in that 
eye will for a time difappear. For the eafier viewing the circu¬ 
lation, it is fometimes neceffary to rub the eyes with a certain 
degree of force after they are clofed, and to hold the breath 
rather longer than is agreeable, which, by accumulating more 
blood in the eye, facilitates the experiment; but in general it 
may be feen diftin&ly after having examined other fpe&ra with 
your back to the light, till the eyes become weary; then 
having covered your clofed eyelids for half a minute, till the 
fpe&rum is faded away which you were examining, turn your 
face to the light, and removing your hands from the eyelids, 
by and by again (hade them a little, and the circulation be¬ 
comes curioufly diftinCt. The ftreams of blood are however 
generally feen to unite, which (hews it to be the venous circu¬ 
lation, owing, I fuppofe, to the greater opacity of the colour 
of the blood in thefe velfels; for this venous circulation is al(b 
much more eafily feen by the microfcope in the tail of a tadpole* 


v. Variation of fpeBlra in refpeFt to difinSlnefs and fze \ with a 
new way of magnifying ohjeSls. 

i. It was before obferved, that when the two colours viewed 
together were oppofite to each other, as yellow and blue, red 
and green, &c. according to the table of reflections and tranf- 
millions of light in Sir Isaac Newton’s Optics, B. II. Ago 
3 . the fpe&ra of thofe colours were of all others the moft brih- 
liant, and bed: defined; becaufe they were combined of the 
reverfe fpeCtrum of one colour, and of the direCt fpeCtrum of 
the other. Hence, in books printed with fmall types, or in 
Vol. LXXVI. Z z the 
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the minute graduation of thermometers, or of clock- faces r 
which are to be feen at a diftance, if the letters or figures are 
coloured with orange, and the ground with indigo; or the 
letters with red, and the ground with green; or any other 
lucid colour is ufed for the letters, the fpedtrum of which is 
fimilar to the colour of the ground ; fuch letters will be feen 
much more diflinftly, and with lefs confufion, than in black or 
white: for as the fpeftrum of the letter is the fame colour 
with the ground on which they are feen, the unfteadinefs of 
the eye in long attending to them will not produce coloured 
lines by the edges of the letters, which is the principal caufe of 
their confufion. The beauty of colours lying in vicinity to each 
other, whofe fpeftra are thus reciprocally fimilar to each co¬ 
lour, is owing to this greater eafe that the eye experiences in 
beholding them diftinftly ; and it is probable, in the organ of 
hearing a fimilar circumftance may conftitute the pleafure of 
melody. Sir Isaac Newton obferves, that gold and indigo 
were agreeable when viewed together; and thinks there may 
be fome analogy between the fenfations of light and found. 
(Optics, Qu. 14.) 

In viewing the fpeftra of bright objefts, as of an area of red filk 
of half an inch diameter on white paper, it is eafy to magnify it 
to tenfold its fize: for if, when the fpedtrum is formed, you 
flill keep your eye fixed on the filk area, and remove it a few 
inches further from you, a green circle is feen round the red 
filk : for the angle now fubtended by the filk is lefs than it 
was when the fpectrum was formed, but that of the fpectrum 
continues the fame, and our imagination places them at the 
fame diftance. Thus when you view a fpeftrum on a fheet of 
■white paper, if you approach the paper to the eye, you may 
ditninifh it to a point; and if the paper is made to recede from 
e the 
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the .eye, the fpedrum will appear magnified in proportion to 
the diftance. 

I was furprifed, and agreeably amufed, with the following 
experiment. I covered a paper about four inches fquare with 
yellow, and with a pen filled with a blue colour wrote upon 
the middle of it the word BANKS in capitals, as in fig. 5. and, 
fitting with my back to the fun, fixed my eyes for a minute 
exactly on the center of the letter N in the middle of the 
word; after doling my eyes, and fhading them fomewhat 
with my hand, the word was diftindly feen in the fpedrum 
in yellow letters on a blue field ; and then, on opening my 
eyes on a yellowifh wall at twenty feet diftance, the magnified 
name of BANKS appeared written on the wall in golden cha- 
rafters. 


CONCLUSIO N. 

It was obferved by the learned M. Sauvages (Nofol. me¬ 
thod. Cl. VIII. Ord. 1.) that the pulfations of the optic artery 
might be perceived by looking attentively on a white wall well 
illuminated. A kind of net-work, darker than the other parts 
of the wall, appears and vanifhes alternately with every pulfa- 
tion. This change of the colour of the wall he well afcribes 
to the compreffion of the retina by the diaftole of the artery. 
The various colours produced in the eye by the preflure of tire 
finger, or by a ftroke on it, as mentioned by Sir Isaac Nrw- 
ton, feem likewife to originate from the unequal preflure on 
various parts of the retina. Now as Sir Isaac Newton has 
fhewn, that all the different colours are refleded or tranfmitted 
by the laminas of foap bubbles, or of air, according to their 
different thicknefs or thinnefs, is it not probable, that the 

z z effed 



348 Dr. Darwin’s Experiments , &c. 

effe& of the a&ivity of the retina may be to alter its thicknefs 
or thinnefs, fo as better to adapt it to refleft or tranfmit tHe 
.colours which Simulate it into action ? May not mufcular 
fibres exift in the retina for this purpofe, which may be lefs 
minute than the locomotive mufcles of microfcopic animals ? 
May not thefe mufcular actions of the retina conffitute tHe 
fenfation of lights and colours ; and the voluntary repetitions 
of them, when the object is withdrawn, conftitute our me¬ 
mory of them ? And laftly, may not the laws of the fenfa- 
tions of light, here inveffigated, be applicable to all our other 
lenfes, and much contribute to elucidate many phaenomena of 
animal bodies both in their healthy and difeafed ftate; and thus 
render this inveftigation well worthy the attention of the phy- 
fician, the metaphyfician, and the natural philofopher ? 

foerby, November 1, 1785. 
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